Measurement of the t(t)over-bar production cross section and top quark mass extraction using dilepton events in p(p)over-bar collisions by Abazov, V.M. et al.






The following full text is a preprint version which may differ from the publisher's version.
 
 




























C om bination  o f it cross section  m easurem ents and constrain ts on th e  m ass o f th e  top  
quark and its decays into charged H iggs bosons
V.M. Abazov37, B. A b b o tt75, M. Abolins65, B.S. A charya30, M. Adam s51, T. Adam s49, E. Aguilo6, M. A hsan59, 
G.D. Alexeev37, G. Alkhazov41, A. A lton64’“ , G. Alverson63, G.A. Alves2, L.S. Ancu36, T. Andeen53, M.S. Anzelc53, 
M. Aoki50, Y. A rnoud14, M. Arov60, M. A rth au d 18, A. Askew49’6, B. A sm an42, O. A tram entov49’6, C. Avila8,
J. BackusM ayes82, F. B adaud13, L. Bagby50, B. B aldin50, D.V. B andurin59, S. Banerjee30, E. B arberis63,
A.-F. B arfuss15, P. Bargassa80, P. B aringer58, J. B arre to2, J.F . B a rtle tt50, U. B assler18, D. B auer44, S. Beale6,
A. B ean58, M. Begalli3, M. Begel73, C. Belanger-Cham pagne42, L. Bellantoni50, A. Bellavance50, J.A . B enitez65, 
S.B. Beri28, G. B ernard i17, R. B ernhard23, I. B ertram 43, M. Besançon18, R. Beuselinck44, V.A. Bezzubov40,
P.C. B h a t50, V. B h atn ag ar28, G. Blazey52, S. Blessing49, K. Bloom 67, A. Boehnlein50, D. Boline62, T.A. B olton59,
E .E . Boos39, G. Borissov43, T. Bose62, A. B ran d t78, R. B rock65, G. B rooijm ans70, A. Bross50, D. B row n19, 
X.B. B u7, D. Buchholz53, M. Buehler81, V. Buescher22, V. Bunichev39, S. B urd in43’c, T.H. B u rn e tt82,
C.P. Buszello44, P. Calfayan26, B. C alpas15, S. C alvet16, J. C am m in71, M.A. C arrasco-L izarraga34, E. C arrera49, 
W . Carvalho3, B.C.K . Casey50, H. Castilla-Valdez34, S. C hakrabarti72, D. C hakraborty52, K.M. C han55,
A. C handra48, E. Cheu46, S. C hevalier-Thery18, D.K. Cho62, S. Choi33, B. C houdhary29, T. C hristoudias44,
S. C ihangir50, D. Claes67, J. C lu tte r58, M. Cooke50, W .E. Cooper50, M. C orcoran80, F. C ouderc18,
M.-C. C ousinou15, S. C repe-R enaudin14, V. Cuplov59, D. C u tts77, M. Cwiok31, A. Das46, G. Davies44, K. De78, 
S.J. de Jong36, E. De La Cruz-Burelo34, K. DeVaughan67, F. D eliot18, M. D em arteau50, R. Dem ina71, D. Denisov50, 
S.P. Denisov40, S. Desai50, H .T . Diehl50, M. D iesburg50, A. Dominguez67, T. D orland82, A. D ubey29, L.V. Dudko39, 
L. D uflot16, D. D uggan49, A. D uperrin15, S. D u tt28, A. D yshkant52, M. E ads67, D. Edm unds65, J. Ellison48,
V.D. E lvira50, Y. E n ari77, S. Eno61, P. Erm olov39’*, M. Escalier15, H. Evans54, A. Evdokim ov73, V.N. Evdokim ov40,
G. Facini63, A.V. Ferapontov59, T. Ferbel61’71, F. F iedler25, F. F ilth au t36, W . F isher50, H.E. Fisk50, M. F ortner52,
H. Fox43, S. Fu50, S. Fuess50, T. G adfort70, C .F. G alea36, A. Garcia-Bellido71, V. Gavrilov38, P. G ay13, W . G eist19,
W. G eng15’65, C.E. G erber51, Y. G ershtein49’6, D. G illberg6, G. G inther50’71, B. Gomez8, A. Goussiou82,
P.D. G rannis72, S. G reder19, H. Greenlee50, Z.D. Greenwood60, E.M . Gregores4, G. G renier20, Ph. G ris13,
J.-F . G rivaz16, A. G rohsjean26, S. G rünendahl50, M.W. G rünew ald31, F. G uo72, J. Guo72, G. G utierrez50,
P. G utierrez75, A. H aas70, N .J. H adley61, P. Haefner26, S. H agopian49, J. Haley68, I. H all65, R.E. Hall47, L. H an7, 
K. H arder45, A. H arel71, J.M . H aup tm an57, J. Hays44, T. H ebbeker21, D. H edin52, J.G . Hegem an35, A.P. Heinson48, 
U. H eintz62, C. Hensel24, I. Heredia-De La C ruz34, K. H erner64, G. H esketh63, M.D. H ildreth55, R. Hirosky81,
T. Hoang49, J.D . Hobbs72, B. H oeneisen12, M. Hohlfeld22, S. Hossain75, P. H ouben35, Y. H u72, Z. H ubacek10,
N. H uske17, V. H ynek10, I. Iashvili69, R. Illingw orth50, A.S. Ito50, S. Jabeen62, M. Jaffre16, S. Ja in 75, K. Jakobs23,
D. Jam in 15, C. Ja rv is61, R. Jesik44, K. Johns46, C. Johnson70, M. Johnson50, D. Johnston67, A. Jonckheere50,
P. Jonsson44, A. Ju s te50, E. K ajfasz15, D. K arm anov39, P.A. K asper50, I. K atsanos67, V. K aushik78, R. Kehoe79,
S. K erm iche15, N. K halatyan50, A. K hanov76, A. K harchilava69, Y.N. K harzheev37, D. K hatidze70, T .J . K im 32, 
M.H. K irby53, M. K irsch21, B. K lim a50, J.M . K ohli28, J.-P . K o n ra th 23, A.V. Kozelov40, J. K raus65, T. K uhl25,
A. K um ar69, A. K upco11, T. K urca20, V.A. K uzm in39, J. K v ita9, F. Lacroix13, D. Lam 55, S. Lam m ers54,
G. Landsberg77, P. Lebrun20, W .M . Lee50, A. Leflat39, J. Lellouch17, J. Li78’*, L. Li48, Q.Z. Li50, S.M. L ietti5,
J.K . Lim32, D. Lincoln50, J. L innem ann65, V.V. Lipaev40, R. L ipton50, Y. Liu7, Z. L iu6, A. Lobodenko41,
M. Lokajicek11, P. Love43, H .J. L u b a tti82, R. L una-G arcia34’d, A.L. Lyon50, A.K.A. M aciel2, D. M ackin80,
P. M attig27, A. M agerkurth64, P.K. M al82, H.B. M albouisson3, S. M alik67, V.L. M alyshev37, Y. M aravin59,
B. M artin 14, R. M cC arthy72, C.L. M cGivern58, M.M. M eijer36, A. M elnitchouk66, L. M endoza8, D. Menezes52, 
P.G. M ercadante5, M. M erkin39, K .W . M erritt50, A. M eyer21, J. M eyer24, J. M itrevski70, R.K. M ommsen45,
N.K. M ondal30, R.W . M oore6, T. Moulik58, G.S. M uanza15, M. M ulhearn70, O. M undal22, L. M undim 3,
E. N agy15, M. N aim uddin50, M. N arain77, H.A. Neal64, J.P . Negret8, P. N eustroev41, H. Nilsen23, H. Nogima3, 
S.F. Novaes5, T. N unnem ann26, G. O bran t41, C. O chando16, D. O noprienko59, J. O rduna34, N. O shim a50,
N. O sm an44, J. O sta55, R. O tec10, G .J. O tero y G arzon1, M. Owen45, M. Padilla48, P. Padley80, M. Pangilinan77, 
N. P a rash ar56, S.-J. P a rk 24, S.K. P ark 32, J. Parsons70, R. P artridge77, N. P a ru a54, A. P a tw a73, G. Pawloski80,
B. Penning23, M. Perfilov39, K. Peters45, Y. Peters45, P. Petroff16, R. P iegaia1, J. P ip er65, M.-A. P leier22, 
P.L.M. Podesta-L erm a34’6, V.M. Podstavkov50, Y. Pogorelov55, M.-E. Pol2, P. Polozov38, A.V. Popov40,
C. P o tte r6, W .L. P rado  da Silva3, S. P ro topopescu73, J. Q ian64, A. Q u ad t24, B. Q uinn66, A. R akitine43,




F. R izatdinova76, S. Robinson44, R .F. Rodrigues3, M. Rom insky75, C. Royon18, P. Rubinov50, R. R uchti55,
G. Safronov38, G. S a jo t14, A. Sánchez-Hernandez34, M.P. Sanders17, B. Sanghi50, G. Savage50, L. Sawyer60,
T. Scanlon44, D. Schaile26, R.D. Scham berger72, Y. Scheglov41, H. Schellman53, T. Schliephake27, S. Schlobohm82,
C. Schwanenberger45, R. Schwienhorst65, J. Sekaric49, H. Severini75, E. Shabalina24, M. Sham im 59, V. Shary18, 
A.A. Shchukin40, R.K. Shivpuri29, V. Siccardi19, V. S im ak10, V. Sirotenko50, P. Skubic75, P. S la ttery71,
D. Smirnov55, G.R. Snow67, J. Snow74, S. Snyder73, S. Söldner-Rem bold45, L. Sonnenschein21, A. Sopczak43,
M. Sosebee78, K. Soustruznik9, B. Spurlock78, J. S ta rk 14, V. Stolin38, D.A. Stoyanova40, J. S trandberg64,
S. S trandberg42, M.A. S trang69, E. S trauss72, M. S trauss75, R. S tröhm er26, D. S trom 53, L. S tu tte50,
S. Sumowidagdo49, P. Svoisky36, M. Takahashi45, A. Tanasijczuk1, W. Taylor6, B. T iller26, F. T issandier13,
. T ito v 18, V.V. Tokm enin37, I. Torchiani23, D. Tsybychev72, B. Tuchm ing18, C. Tully68, P.M. T u ts70, R. U nalan65, 
. Uvarov41, S. Uvarov41, S. U zunyan52, B. Vachon6, P .J. van den Berg35, R. Van K ooten54, W .M . van Leeuwen35, 
N. Varelas51, E.W . Varnes46, I.A. Vasilyev40, P. Verdier20, L.S. Vertogradov37, M. Verzocchi50,
D. V ilanova18, P. V int44, P. Vokac10, M. Voutilainen6 7 f , R. W agner68, H.D. W ahl49, M.H.L.S. W ang71,
J. W archol55, G. W atts82, M. W ayne55, G. W eber25, M. W eber50,3, L. W elty-Rieger54, A. W enger23,h,
M. W etstein61, A. W hite78, D. W icke25, M .R .J. W illiam s43, G.W . W ilson58, S.J. W im penny48, M. W obisch60,
D.R. W ood63, T .R . W y a tt45, Y. Xie77, C. X u64, S. Yacoob53, R. Y am ada50, W .-C. Yang45, T. Yasuda50,
Y.A. Y atsunenko37, Z. Ye50, H. Y in7, K. Y ip73, H.D. Yoo77, S.W. Youn53, J. Yu78, C. Zeitnitz27, S. Zelitch81,
T. Zhao82, B. Zhou64, J. Zhu72, M. Zielinski71, D. Zieminska54, L. Zivkovic70, V. Zutshi52, and E .G . Zverev39
(The D 0  Collaboration)
1 Universidad de Buenos Aires, Buenos Aires, Argentina 
2LAFEX, Centro Brasileiro de Pesquisas Físicas, Rio de Janeiro, Brazil
3 Universidade do Estado do Rio de Janeiro, Rio de Janeiro, Brazil
4 Universidade Federal do ABC, Santo André, Brazil
5 Instituto de Física Teórica, Universidade Estadual Paulista, Sao Paulo, Brazil
6 University of Alberta, Edmonton, Alberta, Canada; Simon Fraser University,
Burnaby, British Columbia, Canada; York University, Toronto,
Ontario, Canada and McGill University, Montreal, Quebec, Canada
7 University of Science and Technology of China, Hefei, People ’s Republic of China
8 Universidad de los Andes, Bogotá, Colombia
9 Center for Particle Physics, Charles University,
Faculty of Mathematics and Physics, Prague, Czech Republic
10 Czech Technical University in Prague, Prague, Czech Republic
11 Center for Particle Physics, Institute of Physics,
Academy of Sciences of the Czech Republic, Prague, Czech Republic
12 Universidad San Francisco de Quito, Quito, Ecuador
13 LPC, Université Blaise Pascal, CNRS/IN2P3, Clermont, France 
14 LPSC, Université Joseph Fourier Grenoble 1, CNRS/IN2P3,
Institut National Polytechnique de Grenoble, Grenoble, France 
15 CPPM, Aix-Marseille Université, CNRS/IN2P3, Marseille, France 
16LAL, Université Paris-Sud, IN2P3/CNRS, Orsay, France 
17 LPNHE, IN2P3/CNRS, Universités Paris VI and VII, Paris, France
18 CEA, Irfu, SPP, Saclay, France 
19IPHC, Université de Strasbourg, CNRS/IN2P3, Strasbourg, France 
20IPNL, Université Lyon 1, CNRS/IN2P3, Villeurbanne, France and Université de Lyon, Lyon, France 
21III. Physikalisches Institut A, RW TH  Aachen University, Aachen, Germany 
22 Physikalisches Institut, Universitat Bonn, Bonn, Germany
23 Physikalisches Institut, Universitat Freiburg, Freiburg, Germany 
24II. Physikalisches Institut, Georg-August-Universitat G Gottingen, Germany 
25 Institut für Physik, Universitat Mainz, Mainz, Germany 
26Ludwig-Maximilians-Universitat Munchen, München, Germany 
27Fachbereich Physik, University of Wuppertal, Wuppertal, Germany 
28Pa,n,ja,b University, Chandigarh, India,
29 Delhi University, Delhi, India
30 Ta,ta Institute of Fundamental Research, Mumbai, India,
31 University College Dublin, Dublin, Ireland
32 Korea Detector Laboratory, Korea University, Seoul, Korea,
33SungKyunKwan University, Suwon, Korea,
34CINVESTAV, Mexico City, Mexico 
35FOM-Institute NIKHEF and University of Amsterdam/NIKHEF, Amsterdam, The Netherlands
336 Radboud University Nijmegen/NIKHEF, Nijmegen, The Netherlands
37 Joint Institute for Nuclear Research, Dubna, Russia
38 Institute for Theoretical and Experimental Physics, Moscow, Russia
39 Moscow State University, Moscow, Russia
40 Institute for High Energy Physics, Protvino, Russia
41 Petersburg Nuclear Physics Institute, St. Petersburg, Russia
42 Stockholm University, Stockholm, Sweden, and Uppsala University, Uppsala, Sweden
43 Lancaster University, Lancaster, United, Kingdom,
44 Imperial College, London, United Kingdom
45 University of Manchester, Manchester, United, Kingdom,
46 University of Arizona, Tucson, Arizona 85721, USA
47 California State University, Fresno, California 93740, USA
48 University of California, Riverside, California 92521, USA
49 Florida State University, Tallahassee, Florida 32306, USA
50 Fermi National Accelerator Laboratory, Batavia, Illinois 60510, USA
51 University of Illinois at Chicago, Chicago, Illinois 60607, USA
52 Northern, Illinois University, DeKalb, Illinois 60115, USA 
53Northwestern University, Evanston, Illinois 60208, USA 
54Indiana University, Bloomington, Indiana 47405, USA 
55 University of Notre Dame, Notre Dame, Indiana 46556, USA 
56Purdue University Calumet, Hammond, Indiana 46323, USA 
57Iowa State University, Ames, Iowa 50011, USA 
68 University of Kansas, Lawrence, Kansas 66045, USA
59 Kansas State University, Manhattan, Kansas 66506, USA
60 Louisiana Tech University, Ruston, Louisiana 71272, USA
61 University of Maryland, College Park, Maryland 20742, USA
62 Boston University, Boston, Massachusetts 02215, USA
63 Northeastern University, Boston, Massachusetts 02115, USA
64 University of Michigan, Ann Arbor, Michigan 48109, USA
65 Michigan State University, East Lansing, Michigan 48824, USA
66 University of Mississippi, University, Mississippi 38677, USA
67 University of Nebraska, Lincoln, Nebraska 68588, USA
68 Princeton University, Princeton, New Jersey 08544, USA 
69State University of New York, Buffalo, New York 14260, USA 
70 Columbia University, New York, New York 10027, USA
71 University of Rochester, Rochester, New York 14627, USA
72 State University of New York, Stony Brook, New York 11794, USA
73 Brookhaven National Laboratory, Upton, New York 11973, USA
74 Langston University, Langston, Oklahoma 73050, USA 
75 University of Oklahoma, Norman, Oklahoma 73019, USA
76 Oklahoma State University, Stillwater, Oklahoma 74078, USA
77 Brown University, Providence, Rhode Island 02912, USA
78 University of Texas, Arlington, Texas 76019, USA
79 Southern Methodist University, Dallas, Texas 75275, USA
80 Rice University, Houston, Texas 77005, USA
81 University of Virginia, Charlottesville, Virginia 22901, USA and
82 University of Washington, Seattle, Washington 98195, USA 
(Dated: June 3rd 2009)
We combine measurements of the top quark pair production cross section in pp collisions in 
the l+ jets, l l  and tI  final states (where l  is an electron or muon) at a center of mass energy of 
■Js =  1.96 TeV in 1 fb_1 of data collected with the DO detector. For a top quark mass of 170 GeV/c2, 
we obtain atf =  8.18+0's7 pb in agreement with the theoretical prediction. Based on predictions 
from higher order quantum chromodynamics, we extract a mass for the top quark from the combined 
i f  cross section, consistent with the world average of the top quark mass. In addition, the ratios 
of t i  cross sections in different final states are used to set upper limits on the branching fractions 
B (t ^  H+b ^  t + vb) and B (t ^  H+ b ^  csb) as a function of charged Higgs boson mass.
P A C S  nu m bers: 1 2 .1 5 .F f, 13 .8 5 .L g , 1 3 .8 5 .Q k , 1 3 .8 5 .R m , 1 4 .6 5 .H a , 1 4 .8 0 .C p
Precise m easurem ents of the production  and decay offer a window for searches for new physics. In th is pa- 
properties of the heaviest known fermion, the top  quark, per we m easure the top -an titop  quark  pair (tt) produc- 
provide im portan t tests of the stan d ard  model (SM) and tion  cross section and com pare it w ith the SM prediction,
4ex trac t the top  quark  pole m ass from this m easurem ent 
and search for new physics in top  quark decays analyzing 
ratios of the  t i  cross sections m easured in different decay 
channels.
The inclusive t i  production cross section (<rtj) is m ea­
sured in different t t  decay channels assum ing SM branch­
ing fractions. The com parison of the  results to  pre­
dictions in next-to-leading order pertu rbative  quantum  
chrom odynam ics (QCD), including higher order soft 
gluon resum m ations [1, 2, 3, 4], yields a direct test of 
the SM. R atios of m easured in different final sta tes 
are particu larly  sensitive to  non-SM particles th a t m ay 
appear in top  quark  decays, especially if the boson in 
the decay is not a SM W  boson. An exam ple is the 
decay into a charged Higgs boson (t ^  H  + b), which, 
as predicted in some models [5], can com pete w ith the 
SM decay t  ^  W +b. Additionally, m any experim ental 
uncertainties cancel in the ratios. Furtherm ore, since 
depends on the m ass of the top  quark  (m t ), it can be used 
to  ex trac t m t . Such m easurem ent is less accurate th an  
direct mass m easurem ents, bu t provides com plem entary 
inform ation w ith different experim ental and theoretical 
uncertainties.
W ithin  the SM, each quark  of the t t  pair is expected 
to  decay nearly  100% of the  tim es into a W  boson and 
a b quark  [6]. W  bosons can decay hadronically  into qq' 
pairs or leptonically into eve, and t v t  w ith the t  
in tu rn  decaying onto an electron, a muon, or hadrons, 
and associated neutrinos. If one of the  W  bosons decays 
hadronically  while the  o ther one produces a direct elec­
tro n  or m uon or a secondary electron or m uon from t  
decay, the final s ta te  is referred to  as the l+ je ts  (or lj) 
channel. If bo th  W  bosons decay leptonically, this leads 
to  a dilepton final s ta te  containing a pair of electrons, a 
pair of muons, or an electron and a m uon (the l l  chan­
nel), or a hadronically decaying ta u  accom panied either 
by an electron or a m uon (the t I  channel).
M easurem ents of the individual t t  cross sections in l l  
and t I  channels using about 1 fb-1  of pp d a ta  from the 
DO detector a t the Ferm ilab Tevatron collider a t yfs =
1.96 TeV are available in Ref. [7]. In the  l+ je ts  channel, 
we use the same selection and background estim ation as 
in Ref. [8], bu t a slightly larger d a tase t and a unified 
trea tm en t of system atic uncertainties w ith the l l  and t I  
channels. We provide a brief sum m ary of the event se­
lection and analysis procedures below.
In each final s ta te  we select d a ta  samples enriched in 
t q events by requiring one or two isolated high transverse 
m om entum  (pT ) leptons for the l+ je ts  or l l  channel re­
spectively. At least two high p T je ts  are required for l l  
and t I  events, and  a t least three for l+ je ts  events. Fur­
ther, in all bu t the  channel, large transverse missing 
energy (Et  ) is required to  account for the large tran s­
verse m om enta of neutrinos from W  boson or t  lepton 
decays. In the  e^  final s ta te , a requirem ent on the sum  
of the  p T of the highest p T (leading) lepton and the two 
leading je ts  is im posed instead. In the  channel, the 
E t  requirem ent is supplem ented w ith a requirem ent on
the significance of the E t m easurem ent, estim ated  from 
the p T of muons and je ts, and their expected resolutions. 
A dditional criteria  are applied on the invariant mass of 
the two opposite charge leptons of the same flavor in the 
ee and  channels to  reduce the dom inant background 
from Z / y* ^  l + l -  events. In the l+ je ts  and t I  chan­
nels we require a m inim um  azim uthal angle separation  
between the  E t vector and the lepton p T , A^>(l, E t ), to  
reduce background from m ultijet events, where je ts  are 
misidentified as electron, m uon or t . D etails of lepton, 
je t and E t  identification are provided in Refs. [9, 10]. 
The final selection in these channels dem ands a t least one 
identified b je t via a neural-netw ork based algorithm  [11]. 
In the l+ je ts  channel we separate  events w ith one or >  2 
b-tagged je ts  due to  their different signal over background 
ra tio  and system atic uncertainties.
To simplify the com bination and ex traction  of cross 
section ratios, all channels are constructed  to  be m utu­
ally exclusive. In particu lar, events w ith two identified 
leptons are excluded from the l+ je ts  selection, and all t I  
candidates are removed from the rest of the channels.
The com positions of the samples in the  l+ je ts , l l  and 
tI  channels are shown in Table I . W  + je ts  production  
dom inates the  background for the l+ je ts  events, while 
m ultijet production is the m ost im portan t background 
in the t I  channel. B ackground in the  l l  channels comes 
m ainly from Z + je ts  production. In the l l  channel, con­
tribu tions from W + je ts  production are p a rt of the mul­
tije t background. The smaller contribution  from dibo­
son production is included in the category labeled “other 
background” . This category also includes the contri­
bu tion  from single top  quark  production in the  l+ je ts  
and t I  channels. The signal, W  + je ts  and Z + je ts  back­
grounds are sim ulated using ALPGEN [12] for the m atrix  
element calculation and  PYTHIA [13] for parto n  showering 
and hadronization. Diboson and single top  backgrounds 
are sim ulated w ith the PYTHIA and SINGLETOP [14] gen­
erators, respectively. We estim ate the m ultijet back­
ground from the control d a ta  samples. The difference 
in the  ra tio  of t q and W  + je ts  events in the  e+ je ts  and 
yU,+jets final sta tes is the  result of the larger efficiency and 
misidentified lepton ra te  in the  e+ je ts  channel com pen­
sating for the lower lepton acceptance (|n| <  1.1) com­
pared to  the yU,+jets channel (|n| <  2.0). In addition, the 
wider rap id ity  d istribu tion  of the W + je ts  events com­
pared to  t q events increases the W  + je ts  background con­
tribu tion  in the  yU,+jets channel.
To calculate the combined cross section, we define a 
jo in t likelihood function as the product of Poisson proba­
bilities for the 14 disjoint subsam ples, as listed in Table I . 
Fourteen additional Poisson term s constrain  the m ultijet 
background in the l+ je ts  and t I  channels. In particular, 
for the  Te and t ^  channels, the  m ultijet background is 
determ ined by counting events w ith an electron or muon 
and associated t of the  same electric charge, introducing 
a corresponding Poisson term  per channel. In the  l+ je ts  
channel, we estim ate the m ultijet background separately 
for each of the  eight subchannels by using corresponding
5TABLE I: Expected numbers of background and signal events for att =  8.18 pb, observed numbers of data events and measured 
att at top mass of 170 GeV/c2. Quoted uncertainties include both statistical and systematic uncertainties, added in quadrature.
Channel Luminosity (pb x) W +jets Z+jets Multijet Other bkg tt Total Observed ott (pb)
e+jets (3 jets, 1 6 tag) 1038 53.4ÎbJ 6.0-1;* 3 1-5+3.55 11.4-1.4 81-7—g"_y 1 8 4 .0 -^ 183 8.06-1;?“
/Lt+jets (3 jets, 1 b tag) 996 59.2-B;B 6.5 Îî ;3 9 7+ 2.8 ' - 2.8 9 .5 -î;2 59.0-1;* 143.9-s 1 133
6 43+2.22 
u-^3- 2.01
e+jets (3 jets, > 2 6  tags) 1038 5.0ÎUo'J °-6Îo .2 9 y + u.3 2- 7 -0.3 2 4+u-42.4- 0.4 30-7-3 g 41 .5-i'i 40 7 7%+'2-41 t -to_2 01
/it+jets (3 jets, > 2 6  tags) 996 5 .8 t r 9
0 7+0.2 
U- ‘ - 0.2 1 o+ 0.3— 0.3 2.1 +0.3 — 0.3 2 3 .8 -^ SS.SÍg'.g 31 7 2Q+2,737 -29 —2.25
e+jets (> 4 jets, 1 6 tag) 1038 8.5Í2.7 o Q+U.b2-2 —0.5 7 Q + 1,u 7 -9 —1.0
0 Q+U.b
3.0- 0.5 81.6Í“;Í 103.3-7:6 113 9.38-1;*2
/it+jets (> 4 jets, 1 6 tag) 996 13.6-2;® 2 5+°.7 2-° -0.6 0.0+0.0u-u-o.o 2.4+0.4 — 0.4 65.9-®;® 84.3-b6;93 99 10.44-?;“
e+jets (> 4 jets, > 2 6  tags) 1038 1 o+u-y1 -u-0.3 0 2+u'1 0-2 —0.1 1 1+ 0-1 1.1 - . 0 Q +  0- ^  0.9- 0.2 41 7 +0.U 41- ‘ - 6.0 44.9- b6;u0 30
r 1 9 + I.by 
5 -12 —1.28
/it+jets (> 4 jets, > 2 6  tags) 996 i-5±S:l 0 3+a i u-ö-o.i 0.0+0.0u-u-o.o 0 7+0.1 u-'-o .i 35.6-6;? 38.2-B;i 34 7.60-?;“
ee 1074 o o+u-0 2-3 —0.5 0-° —0.4 0.5- 0.1 1 1 -6- 1.2 15.0-1;°b 17 9 - 6 1 - 2 . M
e/j (1 jet) 1070 5 5+0.7 5-5 —0.8 0.9+0.30.9- 0.2 3 1+ 0.7 3-1 —0.7 8 .9-i'- 18.4±1;1 21 10.61-|;i|
e/i (> 2 jets) 1070 5.4+1;0 2 6+0.6 2-6 —0.5 1 -4- 00.44 36.4-3;« 45-8-11 39 6 .66- 1;°!
/j /j 1009 5-6ÎÎ'i 0.2-°0;2 o-6í°o:í 9-1-i.S i5-4—l;| 12 5.08Í3;«2
re  (> 1 6 tag) 1038 0-6ÍH 0.6Í£Í 3.0ÍÍ;' 0-2-o.t 10.7— 15.0-2.2 16 8.94— 33

















i 2.6i i ; l 22.7-3;2 20 6-40-3.43
control d a ta  samples [15]. Four additional term s arise 
from applying th is same m ethod in evaluating the m ulti­
je t background before b tagging.
Each system atic uncertain ty  is included in the like­
lihood function through one free “nuisance” param e­
ter [15]. Each of these param eters is represented by a 
G aussian probability  density  function w ith zero m ean 
and a stan d ard  deviation of one; all are allowed to  float 
in the m axim ization of the likelihood function, thereby 
changing the central value of the  m easured 7 « . Correla­
tions are taken  into account by using the same nuisance 
param eter for a common source of system atic uncerta in ty  
in different channels scaled by the corresponding s tan ­
dard  deviation each individual channel. Thus, the like­
lihood function to  be m axim ized is represented by the 
product
14 14 K
L  =  Y \ P (n-i, m i) x Y \ P ( n j , m j) x SDifc x £ ( v fc; 0 ,1 ) ,
i=1 j=1 k=1
(1)
where P (n , m) is the  Poisson probability  to  observe n  
events given the expectation  of m  events. The predicted 
num ber of events in each channel is the sum  of the pre­
dicted background and expected t t  events, which depends 
on 7 t(. In the product, i runs over the subsam ples and 
j  runs over the m ultijet background subsam ples. The 
G aussian distributions SDikxG (vk; 0 ,1) describe the sys­
tem atic uncertainties, K  is the  to ta l num ber of indepen­
dent sources of system atic uncertainty, are the  indi­
vidual nuisance param eters, and SDik is one stan d ard  
deviation for the  source of uncerta in ty  k in subsam ple i.
System atic uncertain ties on the m easured 7 tj are eval­
u ated  from sources th a t include electron and m uon iden­
tification; t  and je t identification and energy calibra­
tion; b-jet identification; modeling of triggers, signal and 
background; and in tegrated  luminosity. All these uncer­
tain ties are trea ted  as fully correlated among channels 
and between signal and background. System atic uncer­
tain ties arising from lim ited sta tistics of d a ta  or M onte 
Carlo samples used in estim ating signal or backgrounds 
are considered to  be uncorrelated. A detailed discussion 
on system atic uncertain ties can be found in Refs. [7, 8]. 
Table II shows a breakdow n of uncertainties on the com­
bined cross section. We evaluate the effect from each 
source by setting  all uncertainties to  zero except the one 
in question and redoing the likelihood m axim ization with 
respect to  only the corresponding nuisance param eter. 
Since the m ethod allows each uncerta in ty  to  change the 
central value, the to ta l uncertain ty  on 7 t- differs slightly 
from the quadratic  sum  of the  sta tistica l and individ­
ual system atic uncertainties. The to ta l system atic un­
certa in ty  on 7 «  exceeds the sta tistica l contribution. The 
lum inosity uncertain ty  of 6.1% which enters into the esti­
m ation of the m ajo rity  of the backgrounds and the lumi­
nosity m easurem ent of the  selected samples is the domi­
nan t source of system atic uncertainty.
Table III sum m arizes the individual 7 t- m easurem ents 
for the individual channels, as well as some of their com­
binations. W ith in  uncertainties, all m easurem ents are 
consistent w ith each other. The combined cross section 
for l+ je ts , l l  and  t I  final sta tes for a top  quark  m ass of 
170 G eV /c2 is evaluated to  be
7 tt- =  8.18-0:8? p b , (2)
in agreem ent w ith theoretical predictions [1, 2, 3, 4]. The 
uncerta in ty  is com parable to  the one on the cross section 
com bination from different m ethods in the l+ je ts  channel 
perform ed by D0 [8]. The observed num ber of events
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FIG. 1: (a) Expected and observed numbers of events versus channel, used in measuring the combined <7tf. The dashed band 
around the prediction indicates the total uncertainty. Upper limits on B (t ^  H+b) for (b) tauonic and (c) leptophobic H + 





TABLE II: Summary of uncertainties on the combined a tt-
Source A (Ttt (Pb)
Statistical +0.47 -0.46
Lepton identification +0.15 -0.14
Tau identification + 0.02 - 0.02
Jet identification + 0.11 - 0.11
Jet energy scale +0.19 -0.16
Tau energy scale + 0.02 - 0.02
Trigger modeling + 0.11 -0.07
b jet identification +0.34 -0.32
Signal modeling +0.17 -0.15
Background estimation +0.14 -0.14
Multijet background + 0.12 - 0.12
Luminosity +0.56 -0.48
Other +0.15 -0.14
Total systematic uncertainty +0.78 -0.69
TABLE III: Summary of measured att in different channels 
for m t =  170 GeV/c2.
Channel att (pb)
i+ jets 8-46-q0997
CC [7] 7.461? 6037
i+ jets and CC 8.18lg 9987
t C [7] 7.77-2 9047
f+jets, CC and t C 8.18-0 9887
in the different channels is com pared to  the  sum  of the 
background and combined t t  signal in Fig. 1(a).
We com pute ratios of m easured cross sections, 
Ra =  / u ^  and Ra =  , by gener­
ating pseudo-datasets in the  num erator and denom ina­
to r in order to  take into account the  correlation between 
system atic uncertaintes. represent the  m easured
cross sections in the corresponding channel. The pseudo­
datase ts  are created  by varying the num ber of signal and 
background events around the expected num ber accord­
ing to  Poisson probabilities. All independent sources of
system atic uncertainties are varied w ithin a G aussian dis­
tribu tion . A lthough the individual channels considered 
are exclusive, each channel can receive signal contribu­
tions from different t t  decay modes. We calculate the  con­
tribu tion  from dilepton events to  the  l+ je ts  final s ta te  as 
well as the  contribution from dilepton and l+ je ts  events 
to  the t I  final sta tes using the corresponding observed 
cross sections in the  individual channels when generating 
pseudo-datasets. For each pseudo-dataset, we perform  
the m axim ization of Eq. 1 separately  in the  num erator 
and denom inator, and divide the results. The central 
value is obtained from the m ode of the d istribu tion  of 
R T , and the uncertainties are derived from the interval 
containing 68% of the pseudo-experim ents. From  these 
pseudo-experim ents we ob tain  =  0.86-0' 1? and
RT^/u -ij  =  0.Q7+0.32 , which is consistent w ith the SM 
expectation of R T =  1.
Extensions of the SM, based on supersym m etry  or 
grand  unification [5], require the  existence of additional 
Higgs m ultiplets beyond the Higgs doublet of the SM. 
Some of these models, such as the Two Higgs-Doublet 
Model or the M inimal Supersym m etric S tandard  Model, 
foresee the existence of physical degrees of freedom which 
can be associated w ith a charged scalar particle, the 
charged Higgs boson. If th is charged Higgs boson is 
lighter th an  the top  quark, it will appear in the  top  quark  
decays. We use the ratios to  ex trac t upper lim its on 
the branching ra tio  B  =  B (t ^  H  +b). In particular, 
a charged Higgs boson decaying into a ta u  and a neu­
trino  (B (H  + ^  tv )  =  1) results in more events in the t I  
channel, while fewer events appear in the l l  and l+ je ts  
final sta tes com pared to  the SM prediction. In case of 
a leptophobic (B (H  + ^  cs) =  1) model, the  num ber 
of dilepton events decreases faster th a n  the num ber of 
l+ je ts  events for increasing B (t ^  H +b). We therefore 
use RTTl / l j  to  set lim its on the  leptophobic model, while 
is used to  search for decays in which the charged 
Higgs bosons are assum ed to  decay exclusively to  taus.
To ex trac t the  lim its, we generate pseudo-datasets as­
sum ing different branching fractions B (t ^  H  + b). The 
signal for a charged Higgs boson is sim ulated using the 
PYTHIA M onte Carlo event generator [13], and includes
7decays of t t  ^  W + b H - b and its charge conjugate (W H ) 
and t t  ^  H + b H - b (H H ). For a given branching frac­
tion  B , we calculate the expected num ber of t t  events per 
final state,
N tt =  [(1 -B )2-ew w +2B  (1 -B j-e w n + B 2^tfflj7 ttL  , (3)
where e are the selection efficiencies for the  different de­
cays (W W  refers to  t t  ^  W +bW - b) and L is the  in­
teg ra ted  luminosity. We add to  the expected back­
ground and tre a t the sum  as a new num ber of expected 
events in each channel. We then  perform  the likelihood 
m axim ization to  ex trac t 7 « from these pseudo-data as 
if they  contained only SM t t  production. This provides 
d istributions for the  ratios of cross sections for each gen­
erated  B, which are com pared to  the observed ratio . We 
set lim its on B  by using the frequentist approach of Feld­
m an and Cousins [16].
The observed and  expected (i.e., for R  =  1) lim its 
for the  tauonic and the leptophobic charged Higgs boson 
models are shown in Figs. 1(b) and 1(c), respectively. In 
the tauonic model the upper 95% CL lim its on B  range 
from 15% to  40% for 80 G eV /c2 <  M H+ <  155 G eV /c2, 
im proving the lim its given in [17]. For the  leptophobic 
charged Higgs boson model, which is investigated here for 
the  first tim e, the upper lim it on B  range between 48% 
and 57% for the same m ass range. A lthough indirect 
bounds as those from the m easured ra te  of b ^  sy [18] 
appear stronger th an  the results from the direct search 
presented here, they  can be invalidated by the presence 
of new physics contributions.
The in terp re ta tion  of the direct m easurem ent of the 
top  quark m ass [6], has become a subject of intense dis­
cussion in term s of its renorm alization scheme [19]. The 
extraction  of th is param eter from the m easured cross sec­
tion  provides com plem entary inform ation, w ith different 
sensitivity to  theoretical and experim ental uncertainties, 
relative to  direct m ethods th a t rely on kinem atic details 
of the  top  quark reconstruction. Sim ulated samples of t t  
events generated a t different values of the top  quark mass 
are used to  estim ate the signal acceptance. The resulting 
m easurem ents of 7 « are fitted  as a function of m t [2]:
a tt('m t) =  —r [a+b(mt — mo )+ c(n it — m o)2+ d (n it — mn )3] 
m l
(4)
where 7 tj  and  m t are in pb and G eV /c2, respectively, and 
m 0 =  170 G eV /c2 [20]. The dependence on the top  mass 
is due to  the  mass dependence of the  selection efficiencies.
We com pare th is param eterization  to  a prediction in 
pure next-to-leading-order (NLO) QCD [1], to  a calcula­
tion  including NLO QCD and all higher-order soft-gluon 
resum m ations in next-to-leading logarithm s (NLL) [2], 
to  an approxim ation to  the next-to-next-to-leading-order 
(NNLO) QCD cross section th a t includes all next-to- 
next-to-leading logarithm s (NNLL) relevant in NNLO 
QCD [3], and to  a calculation th a t employs full kinem at­
ics in the  double differential cross section beyond NLL 
using the soft anom alous dim ension m atrix  to  calculate
FIG. 2: Experimental and theoretical [1, 2, 3] att as function 
of m t . The colored dashed lines represent the theoretical un­
certainties due to the choice of the PDF and the renormaliza­
tion and factorization scales. The point shows the measured 
combined <7tf, the black dashed line the fit with Eq. 4 and the 
gray band the corresponding total experimental uncertainty.
the soft-gluon contributions a t NNLO [4]. Figure 2 shows 
the experim ental and the theoretical [1, 2, 3] t t  cross sec­
tions as a function of the  top  quark mass.
Following the m ethod of Refs. [7, 8], we ex trac t the 
m ost probable top  quark mass values and the 68% CL 
band. Since the theoretical predictions are perform ed in 
the pole m ass scheme, th is defines the ex tracted  param ­
eter here. The results are given in Table IV . All values 
are in good agreem ent w ith the current world average of 
171.2 ±  2.1 G eV /c2 [6].
TABLE IV: Top quark mass with 68% CL region for different 
theoretical predictions of <7tf. Combined experimental and 
theoretical uncertainties are shown.
Theoretical prediction m t (GeV/c2)
NLO [1] 
NLO+NLL [2] 






In sum m ary, we have combined the t t  cross section 
m easurem ents in l+ je ts , 11 and  t I  channels to  m easure 
7 tf =  8.18-0'8r pb for a top  quark m ass of 170 G eV /c2. 
For the  first time, we have also calculated ratios of cross 
sections and in terp reted  them  in term s of lim its on non­
stan d ard  model top  quark  decays into a charged Higgs 
boson. All results are in good agreem ent w ith the SM 
expectations. Finally, using different theoretical predic­
tions given in the pole mass scheme, we have ex tracted  
the top  quark  mass from the combined 7 « and have found 
the result to  be consistent w ith the world average top 
quark  m ass [6] from direct m easurem ents.
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